Reactions of 3-nitro-2-trifluoro(trichloro)methyl-2H-chromenes, including 2-unsubstituted derivatives, with N-alkyl-a-amino acids (sarcosine, proline) and paraformaldehyde proceed diastereoselectively to give 1-benzopyrano [3,4-c] 
Introduction
1,3-Dipolar cycloaddition is one of the most important methods for the synthesis of five-membered heterocycles. The high regioand stereoselectivity typical of these reactions make them an indispensable tool for synthesizing natural molecules with a few chiral centers. 1 In particular, azomethine ylides derived from readily available N-alkyl-a-amino acids and carbonyl compounds enable one-step syntheses of substituted pyrrolidines that are of considerable interest as compounds with a broad spectrum of bioactivity. 2 On the other hand, chromane derivatives are widespread in the plant world and also possess valuable biological and pharmacological properties. 3 In view of this, combining benzopyran and pyrrolidine moieties in a single molecule seems a synthetic task of current interest. 4 cis-Benzopyranopyrrolidine I is an antagonist of 5-HT 2C receptors with respect to 5-HT 2A , 4c whereas its more complex derivative II (Fiduxosin) is an a 1 adrenoreceptor antagonist and shows an a 1a /a 1b selectivity for adrenoreceptors; it was suggested as a promising pharmaceutical agent for the treatment of benign prostatic hyperplasia 5 ( Fig. 1 ).
The key stage in the synthesis of benzopyranopyrrolidines is the cycloaddition of nonstabilized azomethine ylides to coumarins 4, 6 and 2H-chromenes, however, information about such reactions in the 2H-chromenes series is quite limited. It is only known that 2-aryl-3-nitro-2H-chromenes react with azomethine ylides at reflux in toluene for several hours to give the corresponding 4-aryl-3a-nitrobenzopyrano [3,4-c] pyrrolidines. 7 Taking into account the literature data, 8 we envisaged that introduction of such powerful electron-withdrawing substituents as CF 3 and CCl 3 groups into the 2-position of 3-nitro-2H-chromenes would increase their reactivity toward 1,3-dipolar cycloaddition with various 1,3-dipoles and open up a broad synthetic scope of these important oxygen-containing heterocycles. Of particular interest is the fact that introduction of a trifluoromethyl group into bioactive molecules can have profound and unexpected results on biological activity and reactivity of the 
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Tetrahedron j o u r n a l h o me p a g e : w w w . e l s e v i e r . c o m/ l o ca t e / t e t derived fluorinated compounds. 9 As a consequence, exploitation of an efficient method for the synthesis of these compounds is highly desirable.
Results and discussion
3-Nitro-2-trihalomethyl-2H-chromenes 1 (X¼F, Cl), prepared by tandem condensation of the appropriate salicylaldehydes with 3,3,3-trifluoro(trichloro)-1-nitropropenes, 10 have not received much attention despite their potential interest as CF 3 -and CCl 3 -building blocks in organic synthesis for the construction of trihalomethyl-containing heterocycles. The majority of the reactions with these compounds are nucleophilic additions at the 4-position leading to various types of 4-substituted chromanes.
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Most pertinent to the present research is the hetero-DielseAlder reaction of 3-nitro-2-trihalomethyl-2H-chromenes 1 with electron-rich dienophiles, such as ethyl vinyl ether and 2,3-dihydrofuran, providing a straightforward route to the cyclic nitronates. 12 However, examples of the participation of chromenes 1 in any 1,3-dipolar cycloaddition reactions are lacking, a fact prompting us to investigate their reaction with the nonstabilized azomethine ylide derived from N-alkyl-a-amino acids (sarcosine, proline) and paraformaldehyde, and elucidate the effects of different 3-nitro-2H-chromenes on the occurrence and stereoselectivity of cycloaddition reactions compared to those of 2-aryl-3-nitro-2H-chromenes.
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Herein, we have found that treatment of 3-nitro-2-trihalomethyl-2H-chromenes 1aeh with the azomethine ylide generated in situ from sarcosine and paraformaldehyde in refluxing toluene for 5e10 min with azeotropic removal of water affords the desired benzopyrano [3,4-c] pyrrolidines 2aeh in high yields (77e97%), which were isolated as free bases by crystallization from dichloromethane/hexane. This indicates that the presence of an electron-withdrawing trihalomethyl group at the 2-position increases the dipolarophilic reactivity of the 2-CX 3 -chromenes 1aeh toward the azomethine ylide, and makes these compounds more reactive than non-halogenated 3-nitro-2H-chromenes. As is the case of cycloaddition reactions involving 2-aryl-3-nitro-2H-chromenes, 7 compounds 2aeh were formed mainly as the cis-isomers in relation to the nitro and trihalomethyl groups at C-3a and C-4. The synchronism of the reactions of nonstabilized azomethine ylides with alkenes results in the cis-fusion of the new pyrrolidine ring. The appearance of the trans-adducts 2 0 aeh (3e30% according to the 1 H NMR data) was observed only in the crude products. Thus, the ready accessibility and high reactivity of CX 3 -chromenes 1aeh have made them useful substrates for constructing biologically and medicinally important products (Scheme 1). The structures of compounds 2aeh were determined by elemental analysis (as their oxalates 3aeh, which were obtained in almost quantitative yield in acetone) and by comparison of their IR, 1 H, and 13 C NMR spectra with data for related benzopyranopyrrolidines. 6,7 Selected 1 H NMR spectroscopic data for compounds 2 and 2 0 as well as 3 and 3 0 , which confirm the structure, are collected in Table 1 . Moreover, the stereochemistry of 2b was unambiguously confirmed by X-ray single crystal analysis (Fig. 2) . In addition to sarcosine, proline was briefly examined in the reaction. Cycloaddition of the azomethine ylide derived from proline and paraformaldehyde with chromenes 1a,b,f and 3-nitro-2-phenyl-2H-chromene (1i) occurred in a similar way to give compounds 4aed, which were isolated from a mixture of regio-and stereoisomers in low yields (11e34%). Obviously, in contrast to the azomethine ylide from sarcosine, this cycloaddition was less selective. Only the indicated diastereomer could be separated by recrystallization of the mixture from diethyl ether and hexane, however, product 4c was obtained as a 68:32 mixture of 4c with its minor isomer, the structure of which was not determined (Scheme 2).
The relative stereochemistry in cycloadducts 4b and 4d was established by 2D C HSQC, and HMBC experiments of 4b,d. The doublet of doublets or triplet of the H-11a benzyl proton in compounds 4aed allows us to rule out the alternative regioisomeric structure, in which the benzyl proton should interact with only one vicinal proton. It is necessary to be mentioned that in the case of chromenes 1a,e, sarcosine, and benzaldehyde the reaction led to a mixture of starting materials and unidentified products.
Next, taking into account the broad utility of benzopyranopyrrolidines in medicinal chemistry, 4,5 and the fact that the literature contains no data on reactions of 2-unsubstituted 2H-chromenes with nonstabilized azomethine ylides, we studied the reaction of 3-cyano-and 3-methoxycarbonyl-2H-chromenes 1j,k with sarcosine and paraformaldehyde. It was found that refluxing these compounds in benzene gave benzopyrano[3,4-c]pyrrolidines 5a,b, which were isolated as hydrochlorides in high yields (76e83%). The desired products precipitate upon neutralization of the reaction mixtures with HCl, prepared in situ from AcCl and iPrOH, and a simple filtration provides analytically pure material. In contrast, the reaction of 3-formyl-2H-chromene (1l) under the conditions described above afforded a 2.8:1 mixture of cycloadducts 5c and 6, respectively, which were not obtained as pure (Scheme 3).
Conclusion
In conclusion, the use of 3-nitro-2-trihalomethyl-2H-chromenes, including 2-unsubstituted derivatives, in 1,3-dipolar cycloadditions of nonstabilized azomethine ylides allows the A mixture of sarcosine (0.23 g, 2.6 mmol), paraformaldehyde (0.19 g, 6.0 mmol), and the corresponding 3-nitrochromene (1.0 mmol) was heated under reflux in toluene (15 mL) with a DeaneStark trap for 5e10 min. After that the mixture was concentrated under reduced pressure and the solid formed was washed with dichloromethane/hexane (1:2) to give crude product as a mixture of two diastereomers 2 and 2 0 . Cis-isomers 2aeh were prepared after simple recrystallization from dichloromethane/ hexane (1:2) as a colorless powder. Elemental analyses for bases 2aeh were performed for their oxalates 3aeh. 3a,4,9b-hexahydrochromeno[3,4-c] 4.2.3. (3aS*,4S*,9bR*)-2-Methyl-8-methoxy-3a-nitro-4-(trifluoromethyl) -1,2,3,3a,4,9b-hexahydrochromeno[3,4-c] 
General procedure for the preparation of benzopyrano [3,4-c]pyrrolidines oxalates (3aeh)
Anhydrous oxalic acid (0.10 g, 1.1 mmol) dissolved in hot acetone (1.0 mL) was added with stirring to the solution of the corresponding benzopyrano[3,4-c]pyrrolidine 2 (1.0 mmol) in acetone (0.5 mL) and the solid formed was filtered off and washed with dry acetone to give compounds 3 as a white powder. 44.4, 55.5, 60.3, 60.6, 74.6 (q, C-4 , 2 J C,F ¼31.4 Hz), 91. 1, 112.8, 114.3, 117.6, 122.1, 122.4 (q, CF 3 , -1,2,3,3a,4,9b-hexahydrochromeno[3,4-c] 
Compounds 4aed
4.4.1. (6S*,6aS*,6bS*,11aR*)-6a-Nitro-6-(trifluoromethyl)-6, 6a,6b,-7,8,9,11,11a-octahydrochromeno[3,4-a]pyrrolizine (4a) . This compound was prepared from 3-nitro-2-(trifluoromethyl)-2H-chromene (1a), proline, and paraformaldehyde according to the described procedure for compounds 2. Yield 17%, mp 136e137 C, -6a-nitro-6-(trifluoromethyl)-6,6a,6b,7,8,9,11,11a-octahydrochromeno[3,4-a] pyrrolizine (4b). This compound was prepared from 6-bromo-3-nitro-2-(trifluoromethyl)-2H-chromene (1b), proline, and paraformaldehyde according to the described procedure for compounds 2. 42.8 (C-11a) , 55.0 (C-9), 61.1 (C-11), 70.7 (q, C-6b, 4 J C,F ¼2.2 Hz), 74.1 (q, C-6, 2 J C,F ¼32.0 Hz), 92.8 (C-6a), 115.9 (C-2), 118.9 (C-4), 122.9 (q, CF 3 , 1 J C,F ¼285.6 Hz), 124.4 (C-11b), 131.1 (C-1), 131.6 (C-3), 149.8 (C-4a) . Found: C, 44.53; H, 3.45; N, 6.83. Calcd for C 15 H 14 BrF 3 N 2 O 3 : C, 44.25; H, 3.47; N, 6.88. 4.4.3 . (6S*,6aS*,6bS*,11aR*)-2-Bromo-6a-nitro-6-(trichloromethyl)-6, 6a,6b,7,8,9,11,11a-octahydrochromeno[3,4-a] pyrrolizine (4c). This compound was prepared from 6-bromo-3-nitro-2-(trichloromethyl)-2H-chromene (1f), proline, and paraformaldehyde according to the described procedure for compounds 2. -6-phenyl-6,6a,6b,7,8,9,11,11a-octahydrochromeno[3,4-a] pyrrolizine (4d). This compound was prepared from 3-nitro-2-phenyl-2H-chromene (1i), proline, and paraformaldehyde according to the described procedure 6e as a base and purified by recrystallization from hexane/ether. Yield 34%, mp -1,2,3,3a,4,9b-hexahydrochromeno[3,4-c] pyrrole-3a-carbonitrile (5a). This compound was prepared as a yellow oil from 3-cyano-2H-chromene (1j), sarcosine, and paraformaldehyde according to the described procedure. 6e Yield 76%, mp >210 C (subl.), a white powder (for hydrochloride); IR (KBr):
n¼2638, 2568, 2440, 2245, 1607, 1580, 1490, 1470, 1456, 1412, 1344 5, 38.8, 41.3, 57.7, 58.1, 65.5, 117.3, 117.5, 119.8, 122.2, 129.1, 130.1, 153.0. Found: C, 62.36; H, 6.23; N, 10.88 
X-ray diffraction study of compound 2b
Intensities of reflections were measured on an automatic fourcircle Xcalibur 3 diffractometer (Oxford Diffraction, Abingdon, UK; graphite monochromated Mo Ka radiation, CCD detector, u scanning). The structure was solved by a direct method using the SHELX97 package. 13 The hydrogen atoms were located geometrically using a riding model. Nonhydrogen atoms were refined by a full-matrix least-squares method against F 2 within the aniso- , F(000)¼ 380, 7403 reflections measured up to 2q max ¼56.6 , 3492 unique (R int ¼0.0309), which were used in all calculations. Refinement was converged at wR 2 ¼0.0557 (all data), R 1 ¼0.0324 (1551 reflections with I>2s(I)), GoF¼1.001.
